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total intensity of emission for the transition of the current through the 
boundary is found as T.* -We -W- AE (18). Further calculations show that 


in the case of a strong magnetic field the intensity of the radiation is 
less than when no field is present at all. When the boundary is extended, 
i. e., when an intermediate region of the thickness 1, exists, the 


relation Wea -2>% (24) holds, where wu, is the Langmuir frequency of the 


medium at zl, - The following is obtained for the Fourier components of. 
the electric fletd in the intermediate Region: , 
OE ct Pelt, et . 

. (25) 
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Wa °=SséBy solving Eq. (25) one ene the work performed duting the transition fron 
: the vacuum to the medium 


patie oo Zz, ‘ot, ae, _dkde — ‘3 = 7 (37) - 


a) in the vacuum: iio saves we, tie le a 


% v { é a , . ae 
an #? : _ ‘. (38) ‘ 
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_b) in the intermediate region: 
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ec) in the medium: 


% (40) 


ne a a ct + 9 + eee ener ° a . ; Py 
When 1, tenis towards infinity, the work in vacuo, Ww, and that in the. 


§ E hanks V. I. Veksler, V. Le 
aeiiuh, w, vanish. Finally, the author t ‘ 
Ginzburg, M. s. Rabinovich, and B. M. Bolotovskiy for discussions. I. M. 
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Frank is mentioned. There are 7 Soviet references. 
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— BYb6DVIS B114/B205 
an : 
TITLE: Some problems in relativistic gas dynamics of charged 
particles 
PERIODICAL: Zhurnal eksperimental 'noy i teoreticheskoy fiziki, v. 40, 
no. 5) 1961, 1325-1332 
 ~pExt: In the first section of the present paper the results of 


v. I. Veksler (DAN SSSR, 11€; 63, 1956) and I. M. Xheletnikov (ZnETF, 27) 
529, 1954) for self-consistent and external electromagnetic fields are 
generalized, and it is shown that in all cases where the ion portion of 
the current is small, the theorem of co 
along a fluid contour can be generalize 
fhe second part is 


electron-ion plasma. 


nservation of the magnetic flux 
a to relativistic motions of an 
devoted to the study of the one- 


dimensional relativistic expansion of a charged gas layer into the empty 
space, the inertial terms peing predominant, and also to the problem of 
electric fields generated during expansion of a quasi-neutral plasma into 
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the empty space. Furthermore, the problem of relativistic collision of 
the charged layer with constant external fields is treated. The investiga- 
tion is limited to isentropic motion in an electromagnetic field, for 


which the relation hs ul?) -eA, + ah) 72 x, is derived; lee gl8) p62), 


with wf) being the heat function per unit volume, 


n(8) the proper density 
: . 8 
of the particles, u 


the four-velocity, A the four-potential of the 
electromagnetic field, and ¥ the flow potential. This relation is found 
to be the desired generalization. In the following, it is shown that the 
above equation will always be fulfilled for one-dimensional non-steady 
events. This is illustrated by the one-dimensional motion of an electron 


fluid with a current perpendicular to the direction of motion. The 
theorem of conservation deduced therefrom reads 


(ity goo + wa gee) (US? + As) = Wu) + eAs)=0. ca) 
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If the inertial term gle) yle) is negligible, then Eq. (8) will take the 


a form of the theorem of conservation of the flux through a fluid contour. 
’ It is show that the one-dimensional non-steady motion is here 2 
potential flow. A ‘generalization of Thomson's theorem of conservation 
of the velocity circulation 4e derived also for @ three-dimensional 
motion: %F../’x, + @F,,/4x, + 4F /ix, = 9 + Some one-dimensional. 
vu av "py pal“ ¥ 


problems are discussed next: 1) relativistic expansion of 28 cnarged layer 
into the, empty space. For -1<x,41 (1 - layer thickness) one obtains 
vg eisai gale anette eee en 
p = ulnofoXo be (Xo/td)( V ew +i), 
uwavy=dVi—w  . | (19) 


, 


where v indicates the hydrodynamic velocity, end n, the initial density; 

rsdn’ /m. The particle density is given by 

dens : ee (21) 
1 lyVTsu 4 fy we Vie 17) ™ ‘ 
a Lae ae u + mye | aviee } : 
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whieh holds for t/a€n rol. 2) Expansion of a neutral plasma layer into 


the empty space. It is assumed that the ions and electrons have the same 
density at the instant t = 0. The fundamental waves are expressed by 


An in(?) 1 +P mi \3 : 
. One*ngx? ( nae rir) ee (24) 
Avo) (14 3 4 oa) (} 4 x, mi )" 
U7 one nox? Fw pO}\ 5 my ro] * 
v  27Txe*ngx? oT oT (25) 


3) Motion of a charged plasma layer toward a region with a constant 
electric field. Thermal effects are neglected, and using the gauge 
invariance one obtains 


. f;) a 

kta = Fe+ EVI, (26) 
eee ee Se 
Ox, Vit ax =o i (27) 
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where X (x4) =e, /m (electric field in the direction of the x-axis). The 


solution is given in the form of elliptic integrals. 4) Motion of a 
charged layer toward a region with a constant magnetic field. For an 
external field growing linearly with the distance, the calculation again 
leads to elliptical integrals. I. M. Khalatnikov and L. D. Landau are 
mentioned. The author thanks V. I. Veksler, M. S. Rabinovich and 

A. Ae Rukhadze for discussions. He also thanks M. A. Leontovich for 
valuable comments. There are 4 Soviet-bloc references. ~ 
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AUTHOR: _ Taytovich, V. N. 


. TITLE: _ Spatial dispersion in a relativistic Plasma : 


PERIODICAL: Zhurnal eksperimental'noy i’ ‘téoreticheskoy aca aiy Ve ‘40, 
no. 6, 1961, 1775 - 1787 


“REX s The author examined the dielectric constant of an ipbtnonie wee 
tivistic plasma, taking. into. account pair-production effects. In this 
case, the dielectric constant is a three-dimensional tensor: 


t : Sul = byt 4nw oy = ef (dk — —k ky) + elk-th,k;, (ly ’ é 
jp = 64;(@,k) Ey, 6) (0, k) = of (84, — KR Ry) + ok RyRy, (2) 5 
‘where Jy are the four-dimensional Fourier components of ae suxnents E 


J 
is the Fourier components of the electric field strength; gt ’ 3’, gle ae 


are the longitudinal and the transverse electric conductivity ae dielece 
tric sonstant, respectively. This may aiso be written in four-dimensional © 


notations 
: i, = Le (a, k) Ay, Ty, = 1600 ,4 Nh = Ny = — ik,o!, 
6nd 1/5 . : . Tas = — i (k? /w) o!, - 
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with the Fourier components Ay of the potential. The expression 
A Siege Ane? . bn Fok ht, 
htm 1 EU (ap [eB Ant + : , (10) 


by beak it ht EES oe 
tamer Ath + bel, 


Al ‘ pet (PH) 2 (Phyt/ et - AL a1 ¥ m* ~~ (pk) + (pk)*/ k¥. 
ad Seo . 


ti} 
Bob, _y fpf y_k Ss 


" f (tp) = 2 (2n)* (nz + 8), 


8p bene 


aes fae ; a 03 ; pegs 
def,0o% = (co* — h) beh = Te saat (ty + &,—k)? ~ oF a05 ae oar 
is obtained for the dielectric constant, where & = 32 + m*. is ‘the energy 
modulus, n> and n> are the mean numbers of positrons and electrons, re- 


spectively, with the density matrix Q} bait is the vacuum ‘polarization. 
In the classical (k&p) ultrarelativistic p»>m case, in which the positron | 
contribution vanishes, Eq. (10) leads to the result obtained by V. P. Silin , 
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(Ref. 1: ZnETF, 38, 1577, 1960) with the help of the equation of motdion. 
‘The spatial dispersion may be negleoted in the case.of small wave vectors, 
so that the real part of the dielectric constant assumes the form 


Ae, (1 — p?/ 328) dp at 
Ree (a) = 1— She) (12) 


which, for low frequencies w€2e3, Jeads to the known formula 


Res (a) = 1— 2, at = dna ( fo) (1-4 ae 2) dp. (13) 


The expression for the natural frequency w. of the ae woee over into 
the cnoreee sen obtained by Silin (Ref. 1) for the ultrarelativiatic case 


with no = 0. When the system is in equilibrium at ultrarelativistio. 
temperatures, the chemical potential Js ie eis at sufficiently high 
temperatures, n> ron sd foxp(pA) + le and we “ 2b (2)e°/3nf- (14) where E 
is Riemann's zeta~function. At high frequencies, 
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| 1p ee oo 

| Z =+ 16ne"( f (ex) &» (1-5-2) OP 5) 
“holds.’. For equilibriun and <cuidbh es sgetig venpesavares, 2atcae,c(4ye 
(16). ‘In order to obtain the imaginary part of el’t, the energy denomina- 


tore must be replaced by 5-funotions expressing the laws of conservation - 


of energy and momentum.. The general expressions for the imaginary parts 


of 2 and e, describing the Cherenkov absorption of the longitudinal and 
the transverse WAV®, respectively, are calculated from (10) by integration 
over p, with the help of the 6-functions . 


peg = V(t — SUMS) +See 


co na 


eg Byler alls) 1 SNe ae 


- The. author examines. the spectra of langitudinal and, traneverse plasma. . 
 esoillations at high densities and temperatures,, taking into acvount both 
the Cherenkov absorption and’absorption due to par produotion. 
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Vo Ps Silin and A. A. Rukhadze.are thanked for their help, as well as 

Vo Lo Ginzburg, Ye. LFeynberg. and Y2. §. Fradkin for their interest in 
the work. Mention is made of L. D. Landau, G. S. Saakyan, Sh. Mu Kogan, 
and V. Le Bonch-Bruyevich, There area 2 figures and 1% Ssviet-bloc refer. 
ences. 
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AUTHOR: Tsytovioh, V. Ni. , 
eee ee eT 


. TITLE: Structure of nonlinear waves in plasma 
os PERIODICAL: Zhurnal ekhntoneskoy fiziki, v. 32, no. 9, 1962, 1042 - 1049 


“EXT: The propagation of strona: steady; aealtneny waves perpendicular to 
' @ magnetic field is studied. The condition r e>! is assumed to hold for 


the electron radius. There are no atattevigue as to the ion radius. The 
four-dimensional velocities V e? V5 of the electrons and Vy» vy of the ions 


are calculated from the eee 


Vo Vi+vivd : 
: Ht e 
= nome 
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of two Maxwell equations, and two equations for the velocity components of 
the electron gas. V are the four-dimensional velocity components in the 
system of the wave in the x-direction; v is perpendicular to the wave and 
to the magnetic field. Here, f = x/x,3 x, = u/eHy, = 6/4, is the 
electric field strength, h = H/H oo is the magnetic field strength, k is 


the wave number in the laboratory system, and v, = w/k, As kxo/19° 
eas {i-v2, Yo = vo/ \iqves Ey is the external magnetic field in the plasma 
reat system and EY, that in a system in which the wave front is at rest. 


From an approximate solution of the above linearized system, assuming 
vi = V, + 6V, and Vj = V, + bY Nx (V2 = x) /Var ye ie ott¢ained which 


holds for electron waves if ve >1. The same result is obtained by 


linearizing the initial system if the ion velocities are put equal to Zero. 
Therefore, the ion velocities in the wave are low. The wave becomes 
nonlinear for high: || values. The approximate solution 
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acres to ae oo - V2 desoribes the magnetosonic branch. 
= (v2 -r we rye ands kos -(14r)/Ve eee hold for an electron-positron 


- ae The waves of. the second type are always periodic, those of the 
- first type may be aperiodic. Nonlinear electron waves are ultrarelativistic 


at ry 1. For these waves, Vv, becomes zero at eve = o2(142, )V, 


+27 fe, Goes Be and no solution exinte in thé range i coy ove . Flows 
with seyorl velocities may exist at r, QV, /2. 


. . . | 7 é 
rye i VERVE: (17) v 
; : ’ r, —NK 
vow V egy 


holds for weak waves, and — Ce eee nee 
ponds am Ey waP (aa) 


for strong ones. The structure of nonlinear anenetosonia waves is 
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TITLE: On stimulated resonance scattering and radiation in a medium : i 


| SOURCE: AN SSSR.““Doklady*, v. 154, no. 1, 1964, 76-79 


| “TOPIC TAGS: resonance scattering, stimulated resmance, Cerenkov rodietion, « '\ . 
., nonlinear wave interaction, photon emission, perturbation theory, plasma, \ 
‘particle energy we Wie ne 


has treated stimulated Cerenkov radiation and absorption of waves ina 
medium and reduced them to the effects of wave acceleration of charged particles 
and aiffusion of particles in a plasma energy 8P&C Co The sti-.- 
mulated scattering and radiation of two photons which follow from the next 
approximation of the perturbation theory are nonlinear effects,since they depend .. 
on the second power of the number of photons. In the present paper, the author , 
‘Card 1/2 
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angle of incident radiation are close to those of the Cerenkov cone, pecause 
_resonance scattering takes place. It is necessary then to make the summation of | ~ , 
the series .of the perturbation theory. A theory of the stimulated scattering, ra! 
diation, and absorption is developed which takes into account the radiation cor- i 
rections for the spontaneous Cerenkov radiation. The results indicate that the 
+ average change of the particle energy owing to the stimulated processes is not 
_ 4. of the resonance type. Thus, the distribution of photons may be affected, but 
+. not the average characteristics of the plasma particles. The author is grateful 


| : points out that the perturbation theory cannot be applied if the frequency and the a 
| 
; ‘to Acad.1I. Ye. Tamm for his interest." Orig. art. has: 9 formulas. 
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: 1, TITLE: On the interaction of an electron beam with an sepsscahsy: uakive medium 


: race Zhurnal tekhnicheskoy fiziki, v.34, no.4, 1964, 764-767 " ’ 


TOPIC TAGS: electron beam plasma interaction, electron beam laser pumping, laser 


2° l apsonacr: . The interaction of an electron beam with an optically active gas is dis-~: 


cussed. It is found that considerable power can be generated in the visible and ule, 
traviolet regions even when the density of the beam is small compared with that of | 
the medium and the Langmuir frequency is small compared with the optical resonance : 
frequency. It is suggested that electron beams might be useful for laser pumping. i 
Powers of the order of 102 kiv/cm3 at a frequency of 6 x 1016 cycles/sec can be de~ | 
veloped by a beam of 1014 electrons/cm having velocities o/' 3 x 109 cm/sec in a 
medium of density 1019 em73. The medium is treated as an ensemble of oscillators, 
-| and expressions. aro derived for the power developed and the velocity dispsrions re~: 

' quired of the exciting beam The condition for the applicability of the quasi-Linear! 
- | approximation employed is given, and a future treatment of the non-linear terms is |... 
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promised. The equation for the (negative) damping constant of the oscillations, on 2 
S -l|which all the calculations are based, is simply written without derivation or re- S 
a 6=© | ference, "In conclusion, the authors express their gratitule to Ya.B.Faynberg and - 
‘ M.S.Rabinovich for valuable edvice." Orig.art.has: 9 formulas. 
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TITLE: Radiation of transverse electromagnetic waves due to 
scattering of charged particles by plasma waves : 
SOURCE: Zh. eksper. { teore ize, Ve 46, noe 5, 1964, 1726-1740 | 


TOPIC TAGS: plasma, plasma waves, dipole radiation, particle 


‘geattering, electron scattering, plasma wave scattering, synchrotron: 


radiation i- 3 
et 
ABSTRACT: It is shown that in the classical Limit, emission of ' 
transverse waves by electrons with energies exceeding those of Bay 
thermal electrons occurs in the field of a plasma wave as a result 

of dipole radiation due to oscikLlations of the electron in the wave .° 
(Compton effect on plasma waves) and by passage of electrons through ~~ 
denaity {nhomogenietics produced by the plasma Waves In the non 
relativistic Casa, emission of transverse waves by electrons is for 
bidden, due to interference of the two effects. This forbiddenness 
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does not hold for particles with masses differing from that of the 
electron. The radiation spectrum of electrons and fons is cale- 

i culated for-a broad energy range from nonrelativistic to relativistic 
energies. The graph technique its used for calculating quantum effects 
which become significant for secondary quantum energies close to the 


transverse waves produced in scattering of cosnic ray electrons by 
plasma waves may considerably axceed the frequancy of waves produced 

by the synchrotron mechanism, Orig. art. has: 65 formulas and 
7 figures. aoe 
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Emission of transverse electromagnetic waves due to the 
seattering of charged particles on plasma waves. Zhur, exap- 
L teor, fiz, 46 no. 581726=1740 My 164, (MIRA 1726} 
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" AUTHOR; Danilkin, I.S.; Tsy*tovich : 


' SOURCE: Zhurnal tekhnicheskoy fiziki, v.34, no.8, 1964, 1365-1373 
‘TOPIC TAGS: plasma, plasma oscillation, noise, fast particle 


ABSTRACT: Tho authors discuss the effect of random oscillations of a plasma (noise) | 

‘ on the average motion of a fast charged particle. The avarage rate of change of the 

' particle momentum is given by the velocity divergence of the tensor 

mom Rt - 

Thy =| kik op No, dude ‘ 

; where N k is the quantum density of the noise field and w,(,k) is the transition , 

' probabiiity for the particle from a state of momentum p to p-fik. Wp is given by 
et Bu — ke) | 1 

= Te” : | 

| where v 4s the velocity of the particle and e! is the longitudinal part of the di~ 

‘ electric tensor, The effects of the acoustic and the high frequency plasma wave 

: components of. the noise field are discussed separately in the absence of an extern~ 

‘nal field. An inotropic noise field has no average effeat, but it ds found that ani 
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i 
anisotropic field can either accelerate the charged particie or decelerate it. ; 
Noise fields with cylindrical symmetry are treated in some detail, and it is found : 
that waves propagating preferentially parallel to the motion of the particle tend 
to decerlate it, while waves propagating mainly transversely to the particle motion 
accelerate it. The effect of noise on the acquisition of energy by a charged par- . 
ticle from an external electric field is discussed in terms of the theory developed ~ 
by V.D.Shapiro [mo reference given/. According to this theory the velocity of the 
particle is limited by the decelerating action of waves that its own motion gene~ 
rates, It is found that the effect of the noise field is much less than that of the 
decelerating waves generated by the particle unless the noise field is so intense i 
that neither the present theory nor that of Shapiro is valid. The effect of the Ff 
noise field on the characteristic time required for the particle to generate and | 


| 
| 
| 
| 
| 


interact with the decelerating wave is found to be particularly weak, and it is 
suggested that large currents of "runaway" particles may be obtainable in a spati- ; ‘ 
ally limited plasma in which the free flight time of the electrons is smaller than. | 
this characteristic time. Orig.ary. has: 52 formulas. oe c ) 
- . . Cece j 
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AUTHOR: '. Mgytovich, V- N. , 


TITLE: Macroscopic renormalization of nass and energy loss of 
charged particles in a medium 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, ve 42,5 
no. 25 457 - 466 | 196 2— ‘ 


TEXT: In first-order perturbation theory, macroscopic mass: renormalization 
(mmr) of an electron ig due to emission and atsorption of.a virtual photon | 
in a medium. The magnitude of the mmr depends on the velocity of the 

electron. ‘The mmr and energy losses in a strongly absorbing medium are 
calculated by the method of the Green's funct:.on with consideration of oy 
spatial dispersion. For a particle with spin 1/2, energy E, and momentum Pp, 
the energy is .@ complex quantity owing to the losses which are to be con- 
sidered in this paper: Ee E’ + iB" where EN = = /2. The rate of energy 
loss y is equal to that obtained with the aid of p enomenological quantum 
electrodynamics (v. L. Ginzburg, ZHETF, 10, 589, 1940; A. A. Sokolov. DAN 
SSSR, 28) 415, 1940). The real part of E is related with 2 through the mur ~ 
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Macroscopic renormalization of... 
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rom the energy of the free particle ea * ptm . . 


and is different f 
fk = EB’ - t? ; Am= Ye’? - Ra -m. The difference between the activation 
energies of a particle in a vacuum and in a medium is found as 


cen ene 


Dia (o, Varo #4) -— 
_ (37) 
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oe 08 
AU = aE — tt = zhg\ doo mde | 
| P| 

me _ xt pt (a, Vor +x)|. 
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qhe ‘irst-order quantum corrections to this expression which was derived 
classical limit are calculated. Moreover, the quantum corrections 
characteristic losses of electrons in a thin film are calculated. 

to the longitudinal losses may be 
ot the case with the quantum 
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, shown that the quantum corrections 
;ierable near the boundary which is. n 
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corrections to the transverse losses. The author thanks V. |. Ginzburg, 
V. P. Silin, and B. M. Bolotovskiy for their interest and discussicns. 
Mention is made of V. M. Agranovich, A. A. Rukhadze (ZhETP, 359 11tey 95a): 
I. Ye. Tamm, and I. M. Frank (DAN SSSR, 14, 107, 1937). There are 1a 
references: 15 Soviet and 3 non-Soviet, The veferences to the English- 
language publications read as follows: K. M. Watson, J. H. Jauch. Phya. 
Rev., 74, 950, 1485, 1948; 15) 1247, 1949; E, Fermi. Phya. Rev., S7, 485, 
1940. 
ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR “i 
(Physics Institute imeni P. N. Lebedev of the Academy of 
Sciences USSR) 


SUBMITTED: June 20, 1961 
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Bi02/B138 
AUTHOR: Tsytovich, V. N. ~ Nt oad ae oS ns 
TITLE: Energy losses of charged particles in a plasma 


PERIODICAL: Zhurnal eksperimental'noy 4 teoreticheskoy fiziki, v. 42, 
no. 3, 1962, 803 - 811 & 


TEXT: The differential probabilities of emission and absorption of longi-. 
tudinal and transverse quanta by charged particles in media with spatial 
dispersion are calculated. The results obtained are more general than in 
previous papers (e. g A. I. Akhiyezer, A. G. Sitenko, ZhETF, 23, 161, 
1952; A. I. Larkin, ZhETF, 37, 264, 19593 V. P. Silin, ZhETF, 37,273, 195% 
UFN, 74, 223, 1961), since relativistic particles are also considered. 

The probability calculations are carried out to an accuracy ~e%, i. @. 

the effect of macroscopic mass renormalization on the energy losses is 
neglected and only the statistical mean of cuantum numbers enters the ex~ 
pressions. The denotations used are the same as in Ref. 12 (V. N. Tsyto~ 
vich, ZhETF, 42, 457, 1961). The emission probability y= -2ImE(p) 

- 2(sE"-pSp"/z mém"/e .)s Se", Sp" and dm" are the components of the 4 
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antihermitian part of the mass operator, which is calculated by using the 
«a 


G hoton function { ae . ; 
OEE e Din(o, k= (DE (0, [Pots —-Pstgt (4) 


0 Fi 
+ incth a8 [8 (o — wo’) —- 8(o + o')}} da’, 


proposed by I. Ye. Dzyaloshinskiy and L. P. Pitayevakiy (ZhETF, 56, 1797; 
1959); <. is the particle energy, fis the seciprocal temperature. The 


aD ; 
differential probabilities are 0 ar ure ee fi 
“ epee Of pt 2, IPS 3 w? FF 2ey @ CO! 
wE (0,0) = Vp? + 0? F 2200 ieee ep p+ a : 


| team (8) 
oe a ee , 
(p? + ot 20,0) | Im ia, — oe! (w, 4) Nee Aut T7 


2 
ey 


EEL th 4 BY par yTep acoso 
xf (0,0) = — ga Vp? + 08 F 2,0 [ep F o-+ e, + t, p?-+-0? £2 2) 0cos0] x 


p?sin?0 
; + ae, 
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cost = +[p—V P+ oF = Ley o c08 Bi/R.. (11) 


G = (38')/pp's-P! - momentum after scattering, Ny = (eo 4)7! is the 

number of equilibrium quanta of the frequency 3 absorption is proportion... 7] 
nal to 2N, xc th (afi /2)-1; yis the angle between quantum emission and initial 
particle momentum. Por- induced Cerenkov radiation, when etla, kK, )xé &) 


2 n* (a) and Im :*20, 


he Je aol — ae — (8) te (Alert nndo, (43) 
* f -f- . , 
{ 
oe =_ | . doll — abe +B (I) + Sp (I ae) 
 costhe = Inv -o(n®— 12pm, (14) 


jis obtained and the losses are given by 


2 
AW = a wePaat-1/n") 5 v= P/E ys the particle velocity and NN, ¥,)- 


For induced plasmon emission with o,/vP&l) a), being the zeros of £(w) . . 
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cose rs) —~1 ve oe 4 
aw = 4D ; i) [in “ee -2 + 5]. (20). 


The energy losses of charged particles in an isotropio equilibrium plasma 


+1 
peerbetained een [ax { ax (ke, x) with 


fe) = 


koxB 
Wi (kx) 2-2 (1+ oth 0B) gx Im or i nag iets eusswee 


= (kp) /kp. The longitudinal and transverse losses of relativistic okie 
les (m,, e,) in a non-relativistic plasma are 
sae 8 ed ance 
€ Oh, 2m, &,0° ; 
; we 
wi 0 In (e, “FE My) Doe hi 


-4|'-( +2) |op - ® ataF Ih. 


= 3 | 4 (8, +m 3 a oo 
eV Pm, Wt = > eases. [fete a in Grae fe a | + area — _ 
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For an ultrerelativistic plasma 


W = Wi W! = 3 eb oS, (In (2demy/B%ep)— 0,82). aay: 


v. I, Veksler, Vv. P. Silin and V. L. Ginzburg are thanked for discussions" > *" 
There are 13 references:,, 12 Soviet and 1 non-Soviet. 
sagt! as sata 
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AUTHOR: Tsytovich, Vv. Ne : 


TITLE: Effect of radiation on 4 charged particle penetrating a 
magnetically active plasma 


PERIODICAL: Zhurnal eksperimental 'noy 4 teoreticheskoy fiziki, ve 43» 
- hoe 1CT)> 1962, 327-329 ; 


EXT: The author considers a magnetically aotive plasma wnich is hit by f 
n outer radiation of high density. This radiation is supposed to 

interact weakly with the plasma put strongly with the particles 

penetrating it (induced Cherenkov emission and absorption). If spatial 
dispersion is neglected, the induced changes in energy and angle 

(92 ¥,/v, «1) can be given by 
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is the number of quanta of frequency and of the momentum 
2,2 

arctan(k, /ky ); x2 = rk 5 vi» W are the 

-2 

E = tw ’ 


eau os 


an nee over the angle Y= 
particle velocity components in and perpendicular to He 
are the diagonal components of ‘the €-tensor. 
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h a ee ty ein oH, /i = el/m; mis the particle mass, nm, ido the 


electron mass;A= c’= 1; the domain of integration over the frequencies 
corresponds to the conditions for spontanesus Cherenkov radiation: 


Ocuch 1cucVPFI cnt <li 
Ocul, AUCVR FT opwh Dl. 


ne 


the lower limit of the domain of integration is given by 
—e, a 
V <i, 
Results; The effect of radiation always leads to an increase in @. The 
particles are accelerated by radiation if the wave number in the medium 


decreases with increasing refractive index. As to the order of magnitude, 
the critical radiation density ? 9 beyond which acceleration exceeds 


O + OyV 
On 


9 


ri where 4 is 


the wavelength of radiation, ro is the particle radius. Estimates of A 


spontaneous deceleration, is determined by Prax */F9)&o 


and @ show that e. g. fast electrons of the radiation belt can be 
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accelerated by solar radio radiation. fhe effect of radiation on 
_ particles emitted during outbursts of Supernovae is likely to be a factor 
‘which has to be considered in astrophysics. 
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MUTLE : The ionization losses of ulsrarelativistic electrons 


PERIODICAL: Zhurnal eksperimental 'noy i teoreticheskoy fiziki, v- 43» 
- Noe 4(7)s 1962, 342-345 : / 


pert: Up to now the ionization losses cf fast charged particles have igs 
been considered ,in first perturbation-theoretical approximation only. The - 
contribution of the next order, is @- that of the- radiation corrections, . 

ig comparable with the effect of a relativistic increase of the ionization 
losses. Theoretical vestimates: of these corrections are here compared 
with experimental results. It ig shown that in real cases; if 


1 ale « (stoi ts the correction may be given approximately by 


wr 


Ligiene inf, where { ig a function of the total electron concentration in 


the medium and the corresponding frequencies; b=A,» For photo- 
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anulsion (AgBr) I is between 100 and 200 and the radiation correction ‘A 
reaches 68-10%. ‘The relative track densities, measured in HHK?Y -P Pe 
(SIKPI-R) emulsions and for 8.7-Bev protons (OlYaI) and Ilford G-5 and 

19-Bev protons (CERN) as dependent on fo /uc® > ff, are compared with theo- 
retical curves both with and without sia teatadi correction. The uncorrected 
agrees satisfactorily with the experimental data. There are 2 figures. 
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AUTHOR: Taytovich, V. N. 


TITLEs Radiative corrections to the energy losses of particles in a 
medium 


* PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v- 43, 
no. 5(11), 1962, 1782 - 1794 


(TEXT: ‘The radiative corrections to particle energy losses in a medium are 
‘divided into a' microscopic and 4 macroscopic part. The latter, which is 
due to the presence of a medium, i.e. to the fact that the mass of a 
particle in vacuo differs from that in a medium by Am, is much greater 
than the former and is investigated here. At high energies, i-e. for 


e,/m pu, mo? Am tends to its upper limit -e°,3 4s the plasma frequency 


and Ww, the natural frequency of the medium. In first (we?) and second 


(we4) perturbation-theoretical approximations the macroscopic part is 
studied in detail. and from various standpoints. It is shown that this 
part of energy losses may reach 7% of the total losses. From energy loss 
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calculations carried é ation a density effect is to be 
expected, which is 8 i the oscillator model. This 
effect ia found to occ n those Where such an effect 
arises in the main part of t Multiple scattering is found 
not to contribute to the radiative corrections. It is predicted that the 
energy losses due to ionizaticn decrease by about T- 1073 on the Fermi 
Level. This drop of the losses was experimentally observed for ultra-~ 
relativistic electrons by G. B. Zhdanov et al. (Trudy soveshchaniys po 
yadernoy fotoemulfsii, Moscow, 1960). The theory presented here agrees 
with experimental observations within the limits of error. The course of 
‘the jonization-versus -monentua curve as predicted by theory for the 
electrons will be valid also for heavier particles, ¢-8- mesons. Since 

the microscopic part is of the order of aru / 2h it may be kept always 
small if only such events are considered in which the energy transferred 

(4 nax) 4g small with respect to the electron rest mass (m,)+ Among others 


it is also shown that the radiative corrections to the Cherenkov radiation 
may reach a magnitude allowing them to be observed experinentally. There 
is 1 figure. 
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. Ny s 1+ use “For a ‘franié of reference, in shih all adios? are 


2 independent of time, a-nonlinear motensiel equation ig. set UP the firet “ee i 
om teeral of. which is given as. 


| rey rate E (Cate V i I sign Me -— A yPy) + const, ae ike wv. 
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‘where: E(k 4a -a total elliptic integral, . _ : . ee 
re or ee ayn; «<1 corresponds to a nonrelativistic oe 
ty and‘tife constant A characterizes the wave amplitude; =». 


=f eal (AFT oy 


density of the electric field, averaged over. 
lativistic case, W, agrees with the result of a 
ity of kinetic energy. and“ 
as well as the velocity ~~ 
tum density is zero. ... 
of two plasmas of the same kind’ 
ae tigated, and the nonlinear problem of © 
:) energy -Loss- Of a beam of charged particles in the plasma is solved. Ve Tei: 
Veksler, M.S. Rabinovich, and A. A. dze are thanked for digoussionss: 
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; AUTHOR: _taytoviohs Ve. N. 
TITLE: Partiole acceleration by irradiation in a medium 


PERIODICAL:  Akademiya nauk SSSR. Doklady, v. 142, now 2, 1962, 319-321 


TEXT: The particle acceleration by a radiation flux in vacuo is low due 
to the small oross section of Thompson soattering. At a pressure of 
10 atm, acceleration is about 10°7 ev per om of path. If the radiation 
density attains a critical value, ferenkov radiation and absorption are 
possible. The-probability of these effeots is proportional not to e4, as 
in the oase of soattering, but to e@. The acceleration of a partiole is . 
found from the difference between absorbed and emitted energy. In a +< 
previous paper (ZhETF, 32, no. 3 (1962)), the author solved the problem X 
of allowing for the quantum effect of recoil when calculating the 

' probability of Serenkov radiation. In the work, only on quantization of 
microfields was performed using the many~body theory and the method of 
Green functions. Acceleration and slowing down of a particle in a medium 
are found from the imaginary part of the effective energy spectrum. The 
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‘emission and the absorption probability for a medium with spatial dispersion 
ia correct for the region in which the medium is highly absorptive. 

- Neglecting spatial dispersion, the following relation is obtained for the 
-. aeceleration of 4 particle with spin 1/2 in a transparent region of the 
medium: ogre op, eh ay i ce cen 1N\ wal il 

Z . : serv \ odo N (a, 0)[1—aort (iw + #a(1—se)|— 


cos8.<i : . = 
: a 1 4 ’ 
—ey "do (N,(o,9,)-+1)|1—gar— oe! ar) + om (1—Z)h 
- petit ie en OCG Cea elt 
cwhere © oe = m4 
Fp te ade tS Ys WN , 0) = ae |W 89) 40> © 


‘4a the number of quanta with the frequency & and the momentum k = wn/e, 
n@(w)' = €(@), V.ia the velocity, and p the particle momentum. The 
erenkov slowing-down obtained. for N= 0 fite the phenomenological 

- quantum electrodynamics. A nearly monochromatic radiation, for which the 

conditions of Cerenkov radiation and absorption are satisfied, is 

- examined. The somewhat different conditions for the absorption and 
-emission of Serenkov radiation are finally examined. vy. Ie Veksler and 
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TITLE: Contribution to the theory of nonlinear interaction of waves in’ 


a magnetoactive anisotropic plasma Phe, 


SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 49, no. | 
3, 1965, 797-806 | 


TOPIC TAGS: magnetoactive plasma, anisotropic Plasma, plasma interaction, 
plasma wave propagation, plasma oscillation, plasma decay 


ABSTRACT: A procedure previously used by one of the authors (Tsytovich, 
with A. Gaylitis, ZhETF v. 46, 1726, 196% and v. 47, 1469, 1964; algo 
with L. M. Kovrizhnykh, ZhETF v. 46, 1455, 1964) 18 used to obtain | 
general equations describing nonlinear interaction of waves in an aniso- mae 
tropic plasma both in the presence and in the absence of external mag- |—. Bee 
netic fields. Unlike in earlier papers, the results are not confined 

to the assumption that the Plasma is isotropic even in the case of ze Lo | ; 
magnetic field, and are therefore suitable for a description of the — fe 
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interaction of waves in a system of interpenetrating plasmas. The re- 
sults can be used for an analysis of the interaction and nonlinear con- 
version of non-potential oscillations and waves in a‘ plasma, guch as 
4nteraction between a plasma and intense nigh-frequency radiation in | 
the radio and optical band Damping is neglected and a procedure for | 
analyzing the interact g random phases 4a used. | 
Explicit expressions are f scattering of | 
normal waves by plasma Se and r the probabilities of | 
the decay processes. The equations obtained ted to a weakly 
turbulent plasma, and in this approximation the nonlinear effects des- | 
eribe the interaction between waves that satisfy the dispersion rela- 
tions of the linear theory. Orié- art. has: 51 formulas 
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. TITLE: Nonlinear polarization of radiation passing through a plesma 
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: Pedlozheniye, v. 3, no. 3, 1966, 105-110 
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“ABSTRACT: The authors( show that ua tuser (uteracbien effects can noticeably elter 


4 


the polarization of radiation passing throug h a plasm, if the radiation hes suffi- 
ecient intensity or fi 6B pa nm the plasma is sufficiently long. The results can 


be used in investigations of the polarization properties of cosmic radiation, pro- 
pagation of radio waves, ete. This 4s done by assuming thet the nonlinear effects 
are weak, expanding the current produced by the wayp in the plesma in powers of the 
wave amplitude, and solving the wave propagetjone uation by the method of Bogo- 
lyubov and Van der Pol, as demonstrated elsewhere (Izv. VUZov, Rediofizika v. 8, 3, 
1965), The results are used to analyze the interaction between asfferent polariza- 
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' ¢fon components of a single monochromatic wave, and the relative rotation of the 
polarization ellipse and the electric vector. They epply elso to the interection 
of two waves having different frequencies, where it can be shown that the sum of 
the energies of the two components of each of the polarizations 1s conserved. Equa-~ 
tions for the mean value of the polarization components are obtained for random 
interecting waves. It is shown that the interaction of any one wave with any other 
wave can lead only to e change in the ratio of the intensities of the different 
polarization components, without changing the total energy of the wave. This char- 
acteristic property of the nonlinear ‘nteraction in question sharply distinguishes 
4t from other known nonlinear interactions (decey processes and induced scattering) 
thet lead to a change in the spectral composition of the radiation. Another con- 
sequence of the calculation is the conserveticn of entropy (which follows from the 
conservation of the number of quanta), and consequently reversibility of the non- 
linear interactions for random waves. A rough estimate is presented to illustrate 
the role of the interaction under consideration for the most unfavorable case, when 
the ellipticity is quite small. For the Crab nebule, for example, with energy den- 
sities of 5 ev/om? at a wavelength ~100 m, the ellipticity 1s found to be ~107>. An 
account of this effect becomes even more important for other radio sources with 
larger emission density, and also in the case of radio wave propegation in the 
fonosphere, etc. Orig. art. has: 9 formles. 
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ABSTRACT: This is a review article dealing with recent progress in the theory of 
‘|Pplasma instability, especially under outer-space conditions, and the initiation of 
such instability by statistical acceleration mechanisms. Various applications of the 
statistical theory, which is an extension of the theory of weakly-turbulent plasma 
and which includes the Fermi acceleration mechansim as a special case, are discussed 
both for astrophysical problems and for the possible interpretation of numerous 
Yaboratory experiments. The general chafacteristics of statistical acceleration are 
discussed and information is presented on plasma turbulence and on mechanisms of 
plasma generation, statistical changes in the states of the particles in a plasm, 
acceleration of plasma particles by Langmuir oscillations and by high-frequency trans 
verse waves, tlie spectra and average energies of the accelerated particles, and the 
efficiencies of various acceleration mechanisms. This is followed by the theory of 
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statistical acceleration, with emphasis on the relative role of high-frequency and 
low-frequency turbulent pulsations, the Limitations imposed on the oscillation inten- : 
sity, the limiting transition of the statistical acceleration to the particular case 7 
of Fermi acceleration, and the role of nonstationary turbulent pulsations. The 2 
article concludes with a section dealing with applications of acceleration mechanisms, 
including applications connected with acceleration of particles under laboratory con- 
ditions and astrophysical applications in connection with radio emission from quasars 
acceleration of electrons and ions in the radiation belts, and acceleration of cosmic : 
rays. Orig. art. has: 6 figures and 185 formilas. \o~ 
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TOPIC TAGS: plasma escillation, electromagnetic wave phenomenon, acoustic wave, 
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ABSTRACT: The authors consider the self-consistant problem of conversion of electro~ 
magnetic waves with a frequency much higher than the critical frequency to fon-acoust- 

ic oscillations in a plasma assuming that a Langmiur wave is generated as the trans- 
verse electromagnetic wave decays and that the ion-acoustic wave is then generated by 

the Langniur wave. The preblem is solved with regard to ion-acoustic wave absorption 

as well as in the one-dimensional approximation. Examples of two-stage decay are giv- 

en to illustrate application of the expressions derived in the paper. One-dimension- | __ 
al quasistationary boundary preblems are also considered and solutions are given for | 

: nonlinear equations which determine the spatial distribution for the number of waves _ 
in the spectrum during the decay process. Orig. art. hag: 13 formulas. bis 
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TOPIC TAGS: mathematic physics, nonlinear effect, nonlinear plasma, plasma wave, 
plasma wave absorption, transverse wave, longitudinal wave 


ABSTRACT: One of the authors has previously discussed the passage through an iso- 
thermal plasma of a parallel monochromatic beam of transverse waves whose frequency 

£ is much higher than the Langmuir frequency f£, of the plasma and the accompanying 
decay of the transverse waves into longitudinal plasma waves V.N.Tsytovich,: ZhTF, 

35, No.5, 773, 1965), In the present paper these calculations are extended to the 
case when the transverse wave beam is not strictly parallel, but has a small angular 
divergence, The present calculations are based on the reaults of the earlier ones, — 
and notation employed in the earlier paper is sometimes used in the present discussion 
without definition. 3g is found that there is a critical angular spread of the beam: 
given by 6, = (£9/2)? When the angular spread of the beam is small compared with 
@ the results previously obtained for a strictly parallel beam are valid. When the 
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angular spread exceeds 0, the rate of decay to longitudinal waves decreases with in- 
creasing beam spread and eventually becomes smaller by a factor of f,/t than the 

rate of decay in the case of a strictly parallel beam, Formulas are derived for the 
rate of decay and for the directions with respect to the beam in which the longitu- 
dinal waves propagate, and the passage ‘to the limiting case of sero bean divergence 

is carried through in an appendix,  ‘TH&*S¥féct of a Idhgitudinal maghefic field is~* | ~* 
discussed, “The magnetic field has little effect on the critical beam divergence, 

but there appear new decay modes into waves having the Larmor frequency, The decay 

into longitudinal waves of the Larmor frequency is alwayaslower than the decay into 
Langmuir waves, however, and does not contribute significantly to the absorption of 


transverse waves in the plasma. Orig. art. has: 56 formulas. 
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! ggcillatione; ») the scattering of cosmic rays on turbulent plasma oscillations. The 
’ conditions that lead to isotropy in cosmic rays due to beam inatability are analyzed 


"APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320017-8 


SEAT ALSOP ATT EPA RC 


Wee. Jp te. At at 


4 4 


+ \ 
- ii Fi 
ACC NR: AP6019666 SCURCE 2opE: 0%/0033/66/043/003/0523/0522 


2 


in-t Akademii nauk SSSR 
TITLE: On isotropization of cosmic rays 


SOURCE: Astronomicheskiy zhurnal, v. 43) no. 3, 1966, 528-542 


instability 


ABSTRACT: The role of various plasma effects is discussed in the isotropization of 
cosmic rays. Two mechanisms are considered to explain the isotropization process: 
a) the beam instabilities in the cosmic rays that lead to a build-up of plasma 7| 


in some detail. To this end, the instability of relativistic distribution of cosric 
rays f ia considered where f « f(p,x), x= cos @. It is shown tnat extremely large 
increments arise at the initial stages of development of beam instability. The 

anisotropic component of this increment is given by 
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™t ig also shown that nonlinear plasma effects at low energies, such ee near Laxwellian 
dietribution of ions, eliminate instabilities and destroy the isotropization of the 
relativistic cosmic particles. This is shown by the oscillation energy transfer 
expression corresponding to the above increment, or 

AWo ne Me vr? zs ( 4 of ) F 

We my f Ox : 
' Yext, the effect of low frequency turbulence is analyzed on the isotropization process 

of the cosmic rays. The anisotropic increment in this case is given by : 


\ = me ky 
f @xz/ Mm Me We 


| which is somewhat less than the case of beam instability. Isotropization effects due | 
to the scattering of cosmic rays on high frequency turbulers and also hydrodynamics 

' oscillations are considered. It is concluded that the above discussed isotropizavion 

| mechanisms are local and are not necessarily connected with magnetic fields. The 
author ig grateful to V. L. Ginzburg for detailed evaluation of the work. Orig. art. 

i nas: 56 formilas. 
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